-INTRODUCTION
When a parallel and monochromatic beam of light interacts with a material, a certain fraction Pabs of the incident power Piq is absorbed and converted into heat. The ratio PabslPlnc = A 01(8, g), is the directional absorptivity sometimes called absorptance. Apol(8. .g) is hnction of the anae of incidence 0 and of the beam polarization (p01 = p or S). For an anisotropic body it also depends on the azimuthal orientation of the sample. Absorptivity is mainly governed by the intrinsic optical properties of the sample constituants (complex optical indexes) and by morphological or geometrical parameters (roughness characteristics for non-plane surfaces, thicknesses of the layers for stratified media). Directional absorptivity studies on non-plane surfaces are very interesting due to singular or resonant absorption phenomena which can occur : gratings anomalies, surface enhanced absorption, surface polariton excitation .... Another application of directional absorptivity measurements on rough surfaces is the determination of the directional emissivity (by virtue of Kirchhoffs law) especially at room or low temperature where conventional methods are difficult to use due to background emissivity. For opaque materials absorptivity and reflectivity are linked by the conservation law [l] :
In this equation Rpol(9, g) is the direct~onal -hemispherical reflectivity sometimes denoted p, (tt,g).
When reflectivity experiments are feasible, a direct measurement of A l(8, p) is not useful as ~t can be deduced from Eq. (1). For structures which scatter light in a lot oflirections (multiorder 1D or 2D gratings) or in a wide angular range (very rough surfaces) measurement of Rpol(8, p) is by no means an easy task especially at variable incidence angle. So, in these cases, a direct measurement of Apol(8, g) rather than its derivation from reflectivity is necessary. To achieve that three methods are available : calorimetry [2], photoacoustic characterization [3] or photothermal deflection experiments [4] . The first two suffer from difficulties which come from the need of an adiabatic enclosure in calorimetry and of a window-cell in photoacoustics. In both case an angular limitation for the pump beam results. We choose to use Transverse Photothermal Deflection Wrage) because it gives a large angular accessibility on the sample and, due to its high sensitivity, allows to employ a low power pump beam. In section 2, the connection between deflection signal and absorptivity is discussed in the framework of a simplified 1D model. The use of a variable angle pump beam is taken into account. In section 3, the exprimental setup is described. Section 4, deals with experimental results and is divided in two parts. The first one presents an experimental validation of the 1D photothermal model. In the second one, directional absorptivity measurements obtained on a silicon 2D relief-grating are presented. Finally, these results are qualitatively analysed with the help of an electromagnetic model valid for 1D gratings.
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-DESCRIPTION OF THE METHOD
For a 1 D incident pump beam of width W and uniform power repartition there is a simple linear relation between the angular variation D(8) of the measured photothermal deflection and the directional absorptivity. As a matter of fact the diminution of the pump power density when 8 increases is exactly recdvered by an increase of the length of the probed heated area as shown by Fig. 1 and Eq (2) C is a factor which only depends on the probe beam geometrical parameters and on the thermal properties of the media.
When the directional absorptivity at a particular angle 8 ,~ is approach allows to determine A(8) on a wide angular range . . known (for instance at normal incidenc5 this : in a very simple manner :
The assumption of a ID pump beam is quite unrealistic however it is shown in Sec. 3 that an expanded pump beam can achieve pump conditions which ensure Eq. (3) to be satisfied. When using a pump beam of small diameter the 1D model is no longer valid and A(8) cannot be deduced so easily from a known value A(8,) In this case a different approach is used which allows the directional absorptivity of a rough or corrugated surface to be determined using the Fresnel absorptivity of the material as a reference. Practically one manage to have on the same sample two adjacent areas, the first one being the rough surface to be studied the second one being smooth. Then the deflections Drough(8) and D th(0) which corresponds to each region are measured in the very same conditions. As the therma? dikslon length is quite larger than the geometrical characteristics of the rough surface, an identical thermal behaviour is assumed for both regions. The following relation applies :
In this equation Arou h(8) and Asmpoth(8) are the directional absorptivities for rough and smooth regions respectively. &owing the optical indexes of the studied material. Asmooth (8) 
Fig. 2
Tlic experimental configuration is shown in Fig. 2 . For the pump beam an He-Ne or argon laser is used. The beam intensity is periodically modulated by a mechanical chopper. A beam splitter allows a reference beam to be sent onto a detector for the purpose of power normalization. The probe beam is a nonfocused He-Ne laser of about 1 mm diameter. Photothermal deflection is measured by a two-quadrant position sensor in front of which a notch filter is placed to avoid stray light Conventional lock-in technique is used for signal detection. A rotating mechanical device supporting two mirrors (annotates 6 in Fig. 2 ) allows the pump beam to be directed at variable incidence angle onto a definite point of the sample Available incidence angles range from -80" to + 83" As 0 increases the pump beam spot on the sample becomes more and more elliptic. Great care is taken to keep aligned the probe beam with the ellipse major axis. A definite polarization (p or S) of the beam on the sample is obtained by the combination of a prisni polarizer and an half-wave plate. Prior to the first mirror a quarter-wave plate is used to transform the linear polarized wave coming from the pump laser into a circular one. So, the light intensity reflected by this mirror does not change markedly as 8 varies. It remains however a residual angular variation of the incident power It is recorded and taken into account during the photothermal measurements
4-2 Application to a nzaterial with a non-plane surJhce 4-2-1 Results
As discussed in the introduction directional absorptivity measurements are specifically useful in the case of scattering samples. To illustrate the --capability of the technique a 2D surface-relief silicon grating was studied. The respectively. In this experiment the pump beam was delivered by an argon laser at 514.5 nm. A chopping frequency of 827 Hz was used.
The incident power on the sample was about 50 mW. Position of the 2D grating is such that one of its primitive vectors is parallel to the plane of incidence, the other being perpendicular. As explained in Sec. Also emphasized is the extremly low incident pump power, about
Theta (degrees)
3 mW, employed. percents is observed whatever the -, . Fig. 5 
4-2-2 Discussion
Due to the high amplitude (h -0.4 pm) of the 2D grating as compared to the wavelength, a qualitative discussion is questionable. A numerical si~nulation is clearly needed. Such an approach is in progress in our lab. Up to now only 1D gratings with low-slope profile can be treated. Basically the method uses a plane-wave expansion to describe the field at the grating surface (Rayleigh method) [5] . For a given incidence angle and a given polarization, the efficiencies ek,'i@) ofthe various diffraction orders can be calculated.
Then the directional 2.5 absorptivity is givenby .
A,,, (0 . It is worthwhile noticed that the same singularities appear on both curves. In fact thkse singularities correspond to grating anomalies which are due to the passing off of diffraction orders through the grazing angle. These anomalies occur [6] at angles given by :
From these preliminary results it can be concluded that directional absorptivity measurement by photothermal deflection allows singular absorption phenomena on 2D gratings to be studied quite easily.
